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STUDY OF THIN FILM LARGE AREA
PHOTOVOLT AIC SOLAR ENERGY CONV ERTER

Third Monthly Status Report
Jenuory 1, 1953 through January 31, 1863

[T

PRODUCTION OF FiLMS

Experiptents on evaporaior and substrate parame e o a1 e contimnng,
One of the best evaporator arrangerments devised so far .5 11 foar oriw. hic
evaporator, described in ihe First Quarterly Reporﬁ“l}, consistung of four
large alundum oY peoyceiain cruc:bles supperted 1n & framework ¢ gta.r v 58
cteel. 7t has no- hween necessary to use nesting crucibles as in fay Ler cen
f:guratons. Each ¢y :hi€ conta:ns & iaptalum co.t heatey N contact = b
the charge.

CdS films have heen evaporated or eight 1" % 1" H {im substrales and
two 4" x 4 glass subs® rates during the past mont. Severa! were des'y oyed
during subsegquent process.ng, mostly by peeinng off the substrate whele in 'he
electroplating pbath, Others peeled or 1aked off during the heat trea‘ment o7
after coating with curpous oxide slurry. The fiims evaporated on glass sub-
gtrates were mere adherent, but on€ aiso loosened 1n the plat.ng path., These
evaporations were periormed in the new vacuuin system. 118 beljeved that *he
poor adherence is due 1o an ¢xXCess of ndium dopant .n ihe charge ur DY fans ‘¢
a change in on€ or more of the sysfem parame*€rs. €. g., charge 1o subgtra'y
distance {grealer than before? or temperature gradients 11 the ne. g‘nborhooi of
the subsirate due 0 the iarger substrate neater. These diit.: ut.es are beong
stud.ed and chou.d be 1€501V¢ 4 in “he near fu'are. T he rew Vacdudm SVe - I
four 4" x 4" subs'rates may be coated simultaneg sy whereas AU
substirate could be accommedated in ‘he o.d vacuum sVsTETIL.
2. PROCESSING OF FIiLMS

The fiim faiiure 0 the plating bath caused rene ved nrerest mechan ca N
apDiving (upreis t:»xide""n 1o CdS films. This process was de mcr bed i the
First Quarterly Report and it was noted that spray:tg the cuprous oxrde s ted
in a reativery weak photovnltax‘,(; effect, The process nag heen greatty .mi’ aved

and consis's, NOW, of painting the CaS f.lm with 2 glur:y Gf ¢aRrous oxarde ., The

: F . Augustiné, "Gipdy of Than o, m Lorge ATeER Phote
- Conve rier.' First Quarter'y R enGr T, Sanvar’y Ty NEhS,
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optimum heat treatment has not yet been determined in deta:® but photovoita:c
cells are ncw produced with much shorter heating times than required by electro-
o ated cuprous ox:de harrier layers. The excess curpous oxide 1s brushed of?
after the heat treatment and the cell is electroded with air drving si'ver pa:nt.

2. PRODUCTION OF CELLS

CdS photovoitaic celis processed by the above technique were produc«d in
both film and crystal form. Figure ! shows the volt-ampere character:st:« for
a single crystal CdS ce'i having an efficiency of 5.47 percen“.\" and Figure 2 for
a single crystal cell with an efficiency of 7. 02 percent. This is as high as has
been obtained from s:ng.e crystal cells processed convent:onally, i.e., elec'ro-
piated with cuprous ox de and heated for relatively long times. Therefore, one
may conclude these two processes of forming the cuprous oxide barrier layer
are equivalent. The situation with film cells is not as good although steady
improvement has been made. F:gure 3 shows the volt-ampere characterist.c
for one of the first film celis processed with a slurry of cuprous oxide. This
cell had an efficiency of 0. 086 percent over an area of 41 cm2. This Him cculd
not have been processed by the electrolytic method of Cuzo depositicn because
of its high resistance of 25 ohms per square. This high resistance also accounts
in great part for the low efficiency.

A cell on H-f:im mare by brush coating the copper oxide slurry remained
intact and adherent. The volt-ampere characteristic of this cell 15 shown :n
tfigure 4. The efficzency is .67 percent. The characierist.c of a ceil s:mi.ar.y
made on glass is shown :n Figure 5. The efficiency 1s 0.9 percent. ]! s art_c:
pated that higher efficiencies will be obtained afier further experimeniat:on with
doping leve!l and heat treatment. One very encouraging fact to be roted s the
relatively large areas of the cells of Figures 3, 4, and 5, especially that of
Figure 3. A conventiorally prepared film celi is shown in Figure 6. This celi
has an efficiency of 3.23 percent over an area of 0. 44 cm2= !t was prepared
from a film evapora‘ed prior to the start of the present contract,

" The absolute accuracy achieved in cell efficiency measurements 1¢ probabiy no
better than +20% because it 1S not yet known how closely the art:fic:al light sourre

approximates solar rad;ation. The relative probkable error :n any given sejuence
of efficiency mezsuremenis 1S ‘ess than 12%,

[\
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4, OPTICAL MEASUREMENTS

Spectral transmission measurements are obtained by the sample-in-sampic-
out rechrique usirg a Bausch & Lomb grating monochromator having a 500 mm
focal length and @ 10 x 10 ¢m, 600 groove/mm gra**ng biazed at 5000 A in the
first order. Dispers:on of the instrument 1s 33 A per mm in ‘the ‘ rst crder,

The range of the :nstrument :s 0.2 to 1.4 microns. Irput light s chopped at

13 cps. The chopper shaft carries a cam whach operates a SPDT micrc-switch
at the same frequency. This permits use of a lead sulfide {Eastman Kodak Co.
Type N-1 Fkiron Detector, sensitive area: 2 x 2 mm. ) detecior 'ceding Lo ne
amplifier and reccrder borrowed from a Perkin-Elmer infrared monochromatoe:
This arrangement aiso provides for continuously recording a spectrum by
driving the wave:ength drum of the B & L. Monochromator w:i*h a ciock mcior.
The sample-in-gampie-out method gives highly repeatable resuits. The con-
tinuous recording gives a spread of about 5 percent in successive record.ngs.

The curves shown in Figure 7 are the spectral transmission, relative *o
air, of iwo evapcerated f.!ms of indium doped cadmium sulfide on glass substrates
Curve A is for an unprccessed film about 0, 0025 cm thick., The absorption edg@
1S not neariy so well defined as in single crystal samples. Curve B is the trans-
mission of a {.lm ident.cal to that of Curve A (the films were evaporated simul-
taneously and are adjacen® parts of the same substrate) except that il was
processed by paint.rg with precipitated cuprous oxide, heated in air at 300°C
for a few seconds af*er wh:ch the excess oxide was brushed oft., It w..i he
interesting ‘o compare the curves of Figure 7 with those of conven® ona’'v
processed {..ms and crystals, as well as unprocessed crvstals. These measure
ments wril be pertformed in the next reporting per_od.

The curves in Figure 8 are the spectral transmiss,on, reistive to aar, of
four samples of duPont H- {:im, Curve A was obta.ned from a s:ngle thickness
of E-fiim, 0.0062 cm thick. This film has a yeliow co’'or s.m:lar to tha' of CdS.
Curve B was obtaired from a tripie thickness of the same H-fiim. Curve C is

m

pere

the *ransmiss.or. of a s,r.gle thickness of H film, 0.0118 cm thick. This fi
has a red- orange =olor, much darker than the thinner I{ £im, Curve Di1s a
triple thickness of the tatrer Nilm, It is interesiing to note the somewha greater

transparency of the derker f1im in the near infrared regoon of the spectrum,

(%]
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Comparing Figures 7 and 8, one may conclude that either of the H-films, in
single thicknesses, mayv be employed as substrates for CdS cells. but the
light colored film 1s far more preferable as far as spectral transmission 1s
concerned.

Radiation damage by electrons, gamma rays and neutrons, to duPont's
H-film was discussed in earlier reports. An experiment 1s underway at the
present time to determine the effect of ultraviolet radiation on H-film. The
samples are exposed ‘o a mercury arc and shielded by a Corning 7-5¢ filter
passing 0. 30 to 0. 48 m:icron radiation. This cuts off the strong 2530 ?& line
of mercury as well as approximating the short wavelength limit of solar
radiation. The samples have been exposed for several hours o an uitraviolet
intensity comparable to direct sunlight without visible effect. After a sufficient
time, their spectral trarsmission will be remeasured and then the samples will
be exposed to the unfiitered mercury arc.

5. ALTERNATE METHODS OF PRODUCING FILMS

The ""wet chemistry' approach to depositing thin films of CdS is continuing.
Principal difficulty at the present time is adhesion of film to substrate. A two
component spray is going to be tried shortly.

6. PLANS FOR NEXT MONTH

The werk described in this report will be continued. It 1s planned to initiate

film structure studies.
7. PERSONNEL
Time devoted to this project by principal technical personnel and others

during the month cf Januvary follows:

PERSONNEL E{OUILS_
W. J. Deshotels 168
F. A. Augustine 176
A. E. Carlson ]
M. P. Makowski 141
Others 415

Total g0¢

4
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3 EXPENDITURES
Actual Costs to December 31, 1962 $27, 300. OO.:
$

Estimated Costs for January, 1963 9, 000. ¢0.

‘This figure includes commitments to other Clevite divisions of
approximately 35, 000. 00 for scientific services o be rendered
during the next 3 to 4 months,

9. DISTRIBUTION
Copy No.
1 Electronic Research Division (H., Jaffe)
2 Electronic Research Division (W, J. Deshotels)
3 Clevite Patent Department
4 Electronic Research Division (F. Augustine)
5-9 NASA Distribution List
10 Electronic Research Division (Project Administrator)

11 - 15 NASA Distribution List

16 Electronic Research Division (J. A. Gould)
17 Elecironic Research Division (A. E. Carlson)
18 Mechanical Research Division (M. P, Makowski)
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